States suggests the only species found in Arizona is Reticulitermes tibialis Banks. Reticulitermes occurs naturally throughout Arizona with the exception of much of the Sonoran and Colorado deserts. Collections of Reticulitermes from disparate locations in Arizona and neighboring states were made to characterize their cuticular hydrocarbons for taxonomic purposes. We identiÞed Þve phenotypes based on cuticular hydrocarbon mixtures of worker termites. The predominant hydrocarbons in AZ-A have 25 and 27 carbons in the parent chain, including 5,17-dimeC27. The late-eluting compounds are composed primarily of dienes, trienes, a homologous series of internally branched mono-and dimethylalkanes, and 5,17-dimethylalkanes. AZ-B differs from AZ-A by lacking the late-eluting dienes and trienes and by producing smaller amounts of hydrocarbons with 27 carbons in the parent chain. The cuticular hydrocarbons in AZ-C are composed primarily of oleÞns; C29:1 is the most abundant, and, with C27:1, C31:2, and C33:2, predominates the hydrocarbon mixture. This phenotype also has a homologous series of 5,17-dimethylalkanes from C27 to C43. AZ-D is distinguished by the absence of any 5-methylalkanes, 5,17-dimethylalkanes, or late-eluting dienes or trienes. The hydrocarbon mixture of AZ-D most closely resembles that of Reticulitermes hesperus Banks from northern California. NM-A can be distinguished from the other phenotypes by the signiÞcant amounts of the hydrocarbons coeluting in two peaks: C27 ϩ C27:3 and 7-, 9-, 11-, 13-meC27 ϩ C27:2. AZ-A was not common; the few samples we collected were all at the higher elevations, from 2,000 to 2,250 m, in northern Arizona. AZ-B was the most common and was found throughout the state from Fairbank (Ϸ1,300m) to Jacob Lake (Ϸ2,600 m). This phenotype also was found in eastern Nevada and southern Utah. AZ-C was sympatric with AZ-B over most of the distribution of the latter regions but was elevationally allopatric in southern Arizona. AZ-C occurred at high elevations (Ͼ1,500 m) on the desert islands of southeastern Arizona, such as the Santa Catalina, Santa Rita, Chiricahua, and Pinaleno mountains, whereas AZ-B occurred at lower elevations (Ͻ1,250 m), usually associated with a riparian area. AZ-D was collected only once in northern Arizona near Jacob Lake, AZ (Ϸ1,800 m) but also on Mt. Charleston in southern Nevada. NM-A was collected near Jemez Springs and Chaco Canyon, NM, as well as in the vicinity of Moab, UT. Additional data from morphology, behavior and/or DNA may conÞrm that these phenotypes represent distinct species as it has with California Reticulitermes.
the genus needs revision (Weesner 1970 , Nutting 1990 , Scheffrahn and Su 1994 , Thorne 1999 . Studies of Reticulitermes spp., a Holarctic genus of ecologically and economically important subterranean termites, are constrained by the antiquated state of the taxonomy of this genus.
Termite taxonomy is a complex issue (Clé ment et al. 2001) . Termites often lack features that facilitate speciÞc diagnoses, are extremely plastic, and exhibit considerable morphological variation. Light (1927) argued that termites are notoriously "lacking in ornamentation and furnish few if any of those satisfying deÞnite differences . . . which facilitate speciÞc diag-noses . . . . Further, termite species are extremely plastic and exhibit a wide range of (morphological) variation. Finally, the speciÞc characters which are available express themselves almost entirely in the form of differences in range of size . . . . " This lack of good diagnostic, morphological characters likely led to the simpliÞcation of the taxonomic keys and lumping all Reticulitermes in Arizona into one species, R. tibialis Banks, by Snyder (1949) .
No objective, discrete character state or continuous measurement is presented to unequivocally identify a given specimen to species. Vague and subjective color differences may be more apparent to some observers than others. Furthermore, geographical distribution may not be meaningful as part of the description of a species so easily transported by human activity. It is hoped that more reliable and deÞnable characters can be found by using a variety of methods to differentiate the insects and to determine whether they can be named as distinct species. That has been our goal in using chemical and behavioral characters to study Reticulitermes (Haverty et al. 1996 (Haverty et al. , 1999a (Haverty et al. ,b,c, 2000 Nelson 1997, Getty et al. 2000a,b; Delphia et al. 2003) . Such characteristics also might be more biologically meaningful.
To circumvent the difÞculty with keys for Reticulitermes, we have used characterization of cuticular hydrocarbons to help delineate taxa. There is a growing body of evidence suggesting that termites have species-speciÞc mixtures of cuticular hydrocarbons (Page et al. 2002 , and references therein). Repeatable chemical phenotype groups and supporting biological information are needed to conÞrm that cuticular hydrocarbon phenotypes represent distinct taxa (Haverty et al. 1999a (Haverty et al. ,b, 2003 Clé ment et al. 2001 , Nelson et al. 2001 . Until taxonomic descriptions are published and new species named, we must rely on the assignment of cuticular hydrocarbon phenotype labels to Reticulitermes spp. in Arizona (Haverty et al. 1999c) .
We report here the results of characterization of the cuticular hydrocarbons of Reticulitermes collected from 1990 to 2003 in Arizona as well as in adjoining states of Nevada, New Mexico, and Utah. Our results provide further support for the hypothesis that the cuticular hydrocarbon phenotypes of Reticulitermes represent distinct taxa or species.
Materials and Methods
Nutting Termite Collection. The Nutting Collection in the Entomology Museum of the University of Arizona was established and curated by William L. Nutting until the time of his death in 1992. The specimens in this collection date back to 1932 and contain samples of Reticulitermes from every county in Arizona, except La Paz. The specimens of Reticulitermes from Arizona were all identiÞed by Dr. Nutting as Reticulitermes tibialis Banks based on keys by Snyder (1954) and Weesner (1970) . Shortly after Dr. NuttingÕs death, the authors examined the Nutting Collection and recorded all of the information on each of the specimen labels. All specimens were retained in the Nutting Collection; none were permanently removed. The collection localities were used to generate data on the elevation and coordinates for each sample using the Back Roads Explorer TOPO! software (National Geographic). Duplicate records (i.e., numerous collections from Tucson) were reduced to a single record.
Collection of Termites. From spring 1990 until fall 2003, we collected Reticulitermes spp. throughout much of the known distribution in Arizona reported by Haverty and Nutting (1976) and complementary collections from adjacent states of Nevada, Utah, and New Mexico. These serendipitous and directed collections increased the sample size, but more importantly, they have provided analysis of the cuticular hydrocarbons of 68 collections. When feasible, we usually collected more than one colony at each stop. These localities are listed in Tables 1 and 2 .
Naturally infested wood samples were bagged and kept cool until the termites could be separated from wood and other debris. Samples of 50 Ð200 workers were placed in separate labeled 20-ml scintillation vials (Wheaton ScientiÞc, Millville, NJ) and then frozen and dried in preparation for cuticular hydrocarbon extraction (Haverty et al. 1999c ). Concurrently, fresh (i.e., not dried) voucher samples (workers and soldiers) were preserved in 80% ethanol and retained by the authors for future morphological and genetic studies. Representative vouchers of each hydrocarbon phenotype were deposited in the Nutting Collection in the Department of Entomology of the University of Arizona.
Extraction Procedure and Characterization of Hydrocarbons. The hydrocarbons from the termites were extracted, characterized, and quantiÞed in the same manner as reported in Haverty and Nelson (1997) . Fifty to 200 worker termites were immersed in 10 ml of hexane (HX0296-1, EM ScientiÞc, Gibbstown, NJ) for 10 min to extract the cuticular lipids. Hydrocarbons were separated from other compounds by pipetting the extract through 4 cm of activated silica gel (70 Ð230 mesh, Sigma-Aldrich, St. Louis, MO) in 22-cm Pasteur pipet (Fisher, Pittsburgh, PA) mini-columns. An additional 5 ml of clean hexane was dripped through the silica gel. The resulting hydrocarbon extracts were evaporated to dryness under a stream of nitrogen and redissolved in 60 l of hexane for gas chromatographymass spectrometry (GC-MS) analyses. A 3-l aliquot was injected into the GS-MS.
GC-MS analyses were performed on a HewlettÐ Packard (HP) 5890 gas chromatograph equipped with a HP 5970B mass selective detector interfaced with HP Chemstation data analysis software (HP59974J rev. 3.1.2). The GC-MS was equipped with an HP-1 fused silica capillary column (25 m by 0.2 mm i.d.) and operated in split mode (with a split ratio of 8:1). Each mixture was analyzed by a temperature program from 200 to 320ЊC at 3ЊC/min with a Þnal hold of 11 or 16 min. Electron impact mass spectra were obtained at 70 eV. The Þve samples collected in 2003 were analyzed under the same conditions using an Agilent 6890 GC (Agilent Technologies, Palo Alto, CA) coupled with the 5973 MSD, Agilent Chemstation data analysis software G1701CA version C.00.00.
n-Alkanes were identiÞed by their mass spectra. Mass spectra of methyl-branched alkanes were interpreted as described by Blomquist et al. (1987) to identify methyl branch locations. Mass spectra of diand trimethylalkanes were interpreted as described by Page et al. (1990a,b) and Pomonis et al. (1978) . Alkenes were identiÞed by their mass spectra, but double bond positions were not determined (Haverty and Nelson 1997) . Equivalent chain lengths (ECL) were calculated for some of the unsaturated compounds to distinguish the various isomers.
In the text and tables, we use shorthand nomenclature to identify individual hydrocarbons or mixtures of hydrocarbons. This shorthand uses a descriptor for the location of methyl groups (X-me), the total number of carbons (CXX) in the hydrocarbon component excluding the methyl branch(es), and the number of double bonds after a colon (CXX:Y). Thus, pentacosane becomes n-C25; 3-methylpentacosane becomes 3-meC25; 9,13-dimethylpentacosane becomes 9,13-dimeC25; and heptacosadiene becomes C27:2. Hydrocarbons are presented in the tables in the order of elution on our GC-MS system.
Integration of the total ion chromatogram was performed using the HP or Agilent Chemstation data analysis software. GC-MS peak areas were converted to percentages of the total hydrocarbon fraction. A summary of the relative amounts (mean, standard deviation, minimum, maximum, and proportion of samples with Յ0.1%) of each peak is presented in table form by using representative chromatograms of each phenotype.
Cluster Analysis of Hydrocarbon Mixtures from Termites. The percentage of each hydrocarbon peak was used as the response variable; the presence of coeluting compounds precluded exact quantiÞcation of many individual hydrocarbons. The Euclidean distance for 37 samples was calculated using all hydrocarbon peaks (Takematsu and Yamaoka 1999, Haverty et al. 2005 ) (R Development Core Team 2004). Results are displayed as a dendrogram. Hydrocarbons responsible for speciÞc clusters were identiÞed in the cluster analysis.
Results and Discussion
Nutting Collection. The Nutting Collection is extensive and contains Ͼ200 samples of Reticulitermes. About half of these samples were used to describe the distribution of R. tibialis relative to Heterotermes aureus (Snyder) , an ecological equivalent occurring in the Sonoran Desert (Haverty and Nutting 1976) . The collection localities, with elevations and coordinates, are presented in the Appendix and displayed graphically ( Fig. 1 ). Considering the information that follows, many, if not all, of these specimens in the Nutting Collection will represent species of Reticulitermes other than R. tibialis; one was previously named (Reticulitermes tumiceps Banks) and others are yet to be fully described and named.
Reticulitermes spp. occur naturally throughout Arizona with the exception of much of the Sonoran and neighboring states to characterize their cuticular hydrocarbons for taxonomic purposes (Tables 1 and 2) . From these samples, we have characterized 128 individual or isomeric mixtures of hydrocarbons. For Reticulitermes these hydrocarbons seem to be more informative than morphological characters of soldiers. Because alates are seldom collected with foraging groups, they have not been helpful for identifying our collections to species. Cuticular hydrocarbon mixtures of Reticulitermes samples from disparate locations in Arizona provided unexpected results. Rather than only one taxon being found, we identiÞed four taxa in Arizona and one additional taxon from New Mexico and Utah based on their cuticular hydrocarbon mixtures. These collections cover most of the territory reported to be inhabited by R. tibialis in Arizona (Haverty and Nutting 1976 ) and adjoining states that should only have R. tibialis (Weesner 1970 , Nutting 1990 ). We labeled them AZ-A, AZ-B, AZ-C, AZ-D, and NM-A based on locality (state) and the order in which they were discovered. These labels, at this time, are not intended to be nomenclatural acts. Future reports should follow assigning these phenotypes to described species.
The predominant hydrocarbons in AZ-A have 25 and 27 carbons in the parent chain, including 5,17-dimeC27. The late-eluting compounds are composed primarily of dienes, trienes, a homologous series of internally branched mono-and dimethylalkanes, and 5,17-dimethylalkanes ( Fig. 3; Table 3 ). AZ-B differs from AZ-A by lacking the late-eluting dienes and trienes and producing smaller amounts of hydrocarbons with 27 carbons in the parent chain ( Fig. 3 ; Table  4 ). AZ-C is very different from all of the other western Reticulitermes spp. The cuticular hydrocarbons in AZ-C are composed primarily of oleÞns; C29:1 is the most abundant, and, with C27:1, C31:2, and C33:2, predominates the hydrocarbon mixture. This phenotype also has a homologous series of 5,17-dimethylalkanes from C27 to C43 ( Fig. 3 ; Table 5 ). AZ-D is distinguished by the absence of any 5-methylalkanes, 5,17-dimethylalkanes, or late-eluting dienes or trienes ( Fig. 3 ; Table 6 ). NM-A can be distinguished from the other phenotypes by the signiÞcant amounts of the hydrocarbons coeluting in two peaks: C27 ϩ C27:3 and 7-, 9-, 11-, 13-meC27 ϩ C27:2 ( Fig. 3 ; Table 7 ). The hydrocarbon mixture of AZ-D most closely resembles that of Reticulitermes hesperus Banks from northern California and samples from Mt. Charleston, NV ( Fig.  3 ; Tables 2 and 6) , Copren et al. 2005 .
Soldier defense secretion mixtures have been characterized for samples of AZ-A, AZ-B, AZ-C, AZ-D (samples NV-005 and NV-008 in Table 2 ), and NM-A (Nelson et al. 2001 ). Soldiers of AZ-A have mostly geranyl linalool (82.4%) and ␥-cadinene (16.8%) in their defense secretions. AZ-B has a similar terpene proÞle, although quantities were variable. AZ-B generally has more ␥-cadinenal (0.5Ð13.2%) than AZ-A (0 Ð1.3%), and the percentage of geranyl linalool ranged from 26.4 to 78.3 (mean ϭ 64.4%) and the percentage of ␥-cadinene from 9.7 to 66.7 (mean 23.1%). Soldier defense secretions from AZ-C show evidence of geographic differences. Samples from the Mogollon (Interior) biogeographic province, from Prescott to Springerville, had soldier defense secretions consisting mainly of myrcene (1.3Ð20.3%), Z-and E-ocimenes (0Ð19.8%), ␤-bisabolene (17.8Ð57.3%), ␥-cadinene (1.8Ð40.5%), and geranyl linalool (0Ð50.4%). We summarized these samples as one group, AZ-C(I), although they were variable (Nelson et al. 2001 ). There was much less variability in soldier defense secretion proÞles from samples collected in the higher elevations of the Santa Catalina, Santa Rita, Chiricahua, and Pinaleno mountains of the Sonoran biogeographic province. Samples of this soldier defense secretion phenotype, AZ-C(II), all produced Ն94.7% geranyl linalool (Nelson et al. 2001) . Cuticular hydrocarbon phenotype AZ-D had a soldier defense secretion proÞle similar to AZ-A and AZ-B with Ͼ75% geranyl linalool and between 9 and 22% ␥-cadinene (unpublished observations). Soldier defense secretions of NM-A consist almost entirely of geranyl linalool (mean 99.8%).
Insects synthesize most, if not all, of their complement of cuticular hydrocarbons de novo (Blomquist and Dillwith 1985) . Howard (1993) reported that cuticular hydrocarbon composition varies among species within a genus, but little within a species. Cuticular hydrocarbon mixtures can be used to discriminate insect taxa. Haverty et al. (1991) proposed that if hydrocarbons are to be reliable as taxonomic characters, they should be abundant components (at least 1%, but preferably 5% of the total hydrocarbon mixture). They also should be unique or present in only a few of the species, or conversely, they should be common in most of the species yet completely absent or of insigniÞcant quantities in one or a few. We have selected diagnostic cuticular hydrocarbons (Table 8) that meet these criteria and can be used to diagnose taxa.
Most termites have, with a few exceptions, speciesspeciÞc mixtures of cuticular hydrocarbons (Kaib et al. 1991 , Haverty et al. 1999c ). Cuticular hydrocarbons are valuable characters for the analysis of cryptic insect species with few discernible morphological characters and have aided in the examination of cryptic species in a number of arthropod species, including ticks, bark beetles, mosquitoes, and grasshoppers (Copren et al. 2005 ). The evidence suggesting species- speciÞc mixtures of cuticular hydrocarbons in termites is extensive (Page et al. 2002 , and references therein). Characterization of cuticular hydrocarbons often leads to subsequent morphological, biological, behavioral, or other chemical studies that clarify taxonomic questions (Haverty et al. 1988 (Haverty et al. , 1991 (Haverty et al. , 1999a (Haverty et al. ,b, 2003 Haverty and Thorne 1989 ; Thorne and Haverty 1989; Thorne et al. 1993; Haverty and Nelson 1997; Delphia et al. 2003; Copren et al. 2005) .
Reticulitermes spp. seem to possess three lineages whose distributions are not conÞned to a particular geographical region in the United States (Page et al. 2002) . Cuticular hydrocarbon mixtures of lineage I have a preponderance of internally branched monomethylalkanes and 11,15-dimethylalkanes; lineage II is deÞned by a preponderance of 5-methylalkanes and 5,17-dimethylalkanes; and lineage III is characterized by a preponderance of oleÞns and a relative paucity of n-alkanes and methyl-branched alkanes. AZ-D is in lineage I; AZ-A, AZ-B, and NM-A are in lineage II; and AZ-C is in lineage III; AZ-C is completely different from any of the other southwestern Reticulitermes spp. (Page et al. 2002) . Cluster analysis of the samples from Arizona, New Mexico, Nevada, and Utah resulted in Þve major clusters. The AZ-C phenotype separated from all the other samples based on the abundance of C29:1 (Fig. 4) . Curiously, a collection (UT033) from Grand County, UT, also falls in this cluster, extending the distribution of AZ-C phenotype north into Utah. The quantities of the isomeric mixture of 7-, 9-, 11-, and 13-meC27 and C27:2 separate phenotypes AZ-A, AZ-B, and AZ-D from samples characterized as NM-A and collected in Grand County, UT, and Jemez Springs, NM ( Fig. 4 ; Table 2) These three samples from Utah and New Mexico (NM034, UT034, and UT038) are different enough from the AZ-A, AZ-B, and AZ-D phenotypes to represent yet another taxon of Reticulitermes. The internally branched monomethyl C25 separates the AZ-B phenotype from the AZ-A and AZ-D phenotypes (Fig. 4) . The samples in the AZ-B cluster range over most of Arizona from Fredonia, North Rim of the Grand Canyon, Heber, and as far south as Tucson and Sabino Canyon. This cluster also includes samples from southwestern Utah (UT002) and east central Nevada (NV-003). The internally branched dimethylalkane, 9,13-dimeC25, coeluting with 2-meC25, divides the AZ-A and AZ-D clusters. The samples in the AZ-A cluster were collected in east central Arizona, and one sample was from the Chaco Cultural National Historic Park in northern New Mexico (NM035). Phenotype AZ-D has only been collected once (AZ3) in Arizona; however, it shares a cuticular hydrocarbon mixture with samples collected from Mt. Charleston near Las Vegas, NV (NV-005 and NV-008), and it is very similar to that of R. hesperus from northern California , Copren et al. 2005 . These distinctions allow us to construct a diagnostic key to species based on cuticular hydrocarbons (Tables 8 and  9 ). Biogeography of Reticulitermes in Arizona. Because we tried to collect more than one colony at each stop, we had 13 stops at which we collected two different hydrocarbon phenotypes (Tables 1 and 2 ). AZ-A was not common; the few samples we collected were all at the higher elevations (2,000 Ð2,250 m) in Arizona (Figs. 5 and 6). We had one stop where AZ-A was collected with AZ-B (Second Mesa) and one stop with AZ-C (Junction of AZ 277 and 377). AZ-B was very common and was found throughout Arizona from Fairbank (Ϸ1,300 m) to Jacob Lake (Ϸ2,600 m). This phenotype also was found in eastern Nevada and southwestern Utah. AZ-C was sympatric with AZ-B over most of the distribution of the latter. We made nine collections that provided samples of both AZ-B and AZ-C (Table 1) . AZ-C tended to occur at higher elevations (Ͼ1,500 m) on the desert islands of southeastern Arizona, such as the Santa Catalina, Santa Rita, Chiricahua, and Pinaleno mountains, whereas AZ-B was collected at lower elevations (Ͻ1,250 m), usually associated with a riparian area in the southeastern corner of the state. AZ-D was only collected by us at one location in Arizona (16.1 km east of Jacob Lake); a collection of AZ-B was made only 3.2 km west of this location, albeit Ϸ200 m higher in elevation. Uva et al. (2004) noted that most European scientists assume that the classiÞcation of termites is deÞnitive and have been identifying samples based on geographic origin alone. Some Reticulitermes samples showing phenotypical differences from congeneric European species have been classiÞed as R. lucifigus simply because they were collected in Italy (Uva et al. 2004) . We suspect a similar situation occurs in the United States. Acceptance of the Snyder (1949 Snyder ( , 1954 and Weesner (1970) reports on the distribution of Reticulitermes facilitates easy identiÞcation to species: if it occurs in Arizona, Nevada, New Mexico, or Utah, it can only be R. tibialis. Furthermore, we know of no studies of Reticulitermes in California since 1934 (other than our own) that use a species diagnosis other than R. hesperus. Hopefully, our study reported here will instill caution in identifying Reticulitermes to species based solely on geography.
Taxonomic Implications of Cuticular Hydrocarbons of Reticulitermes in Arizona. At Þrst, it may seem that the Reticulitermes samples collected in Arizona since the days of Banks and Snyder (1920) are a single, morphologically variable species. Now we know that these Reticulitermes include four phenotypes, some with sympatric distributions and others with elevationally disjunct distributions. Until a detailed, modern morphological study is completed, these phenotypes might be considered sibling species. Variations in ecology or behavior are usually the Þrst indications of sibling species (Futuyma 1998) , and we hope that morphological, behavioral, and genetic differences will be found later by which they can be distinguished. The evidence is mounting that these Reticulitermes from Arizona comprise four species. They have four distinct states (i.e., cuticular hydrocarbon phenotypes AZ-A, AZ-B, AZ-C, and AZ-D), but no intermediates.
We think, and have so stated, that existing keys to species of Reticulitermes are grossly inadequate and give a false sense of conÞdence in identifying species (Haverty et al. 1996 (Haverty et al. , 1999c Haverty and Nelson 1997; Nelson et al. 2001; Copren et al. 2005) . Weesner (1970) was one of the Þrst to warn the scientiÞc community that Reticulitermes. . . "is woefully in need of a critical taxonomic study . . . soldiers are extremely variable . . . alates are also variable. . . ". She seemed to be especially puzzled by R. tibialis noting that "ßights of R. tibialis occur over a wide span of the year, primarily during the fall, winter and spring. . . . Collections of R. tibialis from Texas are extremely variable." We should not lose sight of the fact that the type locality of R. tibialis is Beeville, TX, not anywhere in Arizona (Snyder 1949) .
Reports concerning the place of R. tibialis in the phylogeny of Reticulitermes add further confusion. The mitochondrial DNA (mtDNA) COII sample in GenBank (AF525355) for R. tibialis is reported to occur in Cochise County, AZ (Austin et al. 2002) . This GenBank sample has been associated with undescribed species of Reticulitermes from Catalina Island, CA (GenBank AF525342), and from the eastern slope of the Sierra Nevada in California (GenBank AY623435 and AY623476), as well as Reticulitermes grassei Clé ment (GenBank AF525327) (Austin et al. 2002 Copren et al. 2005) . Using the mtDNA 16S gene, R. tibialis (GenBank AY25736) also has been associated with a sample from San Bernardino, CA (GenBank AY25737) (Szalanski et al. 2003) . The only samples that we have collected from Cochise County, AZ, were hydrocarbon phenotype AZ-C, although we do not have any samples from lower elevations where we might Þnd AZ-B. So, it is possible that R. tibialis does occur in Arizona and that it equates with AZ-B. However, until we can associate a cuticular hydrocarbon phenotype or an mtDNA genotype with collections from the type locality, Beeville, TX, caution is warranted in determining which cuticular hydrocarbon phenotype or genotype is R. tibialis. Furthermore, the keys are not trustworthy (Copren et al. 2005) .
Cuticular hydrocarbon mixtures can be used to discriminate insect taxa. Like most features, cuticular hydrocarbon mixtures are polygenically inherited (Coyne et al. 1994 , Dallerac et al. 2000 , Takahashi et al. 2001 . They have the utility for determining phylogenetic relationships where they are independent characters with discrete states and represent a hierarchical distribution of shared, derived characters (Page et al. 2002) . The association of cuticular hydrocarbon phenotypes and mtDNA haplotypes demonstrates that they are useful in separating known species, determining new species, and provide further support for the species-speciÞc nature of cuticular hydrocarbon phenotypes (Howard and Blomquist 1982 , Jenkins et al. 2000 , Copren et al. 2005 . Foster et al. (2004) assert that molecular or chemical characters provide a better means of identifying termite workers or pseudergates to species. Brand (1978) stated that all available evidence, including chemical data, should be taken into account in describing a taxon and suggested that the biosynthetic homology of chemical characters provides a closer look at genetic relationships than does the similarity of morphological characters. Chemical variation certainly seems as likely to affect behavior as would variation in morphology. This suggests that chemical characters, such as cuticular hydrocarbons and soldier defense secretions, are ideal tools for understanding the evolutionary relationships of termites (Nelson et al. 2001 ). Takematsu and Yamaoka (1999) identiÞed nine cuticular hydrocarbon phenotypes of Reticulitermes occurring in Japan and neighboring countries. Each of these nine taxa had unique compounds that could be used to separate them. By sorting on chem- ical factors Takematsu (1999) was able to Þnd new morphological characters for separating species.
The most dramatic revelation in our survey of the cuticular hydrocarbons of Reticulitermes from Arizona is the consistency of the unique hydrocarbon mixture of the samples from the mountain islands in southeastern Arizona. Collections (topotypes) from the type locality of the original, single collection named R. tumiceps Banks (Banks and Snyder 1920) are phenotype AZ-C, which is completely different from any of the other southwestern Reticulitermes (Page et al. 2002) . Only this phenotype has been collected from the vicinity of Stratton Camp, AZ, at 1,900 Ð2,250 m on the north side of the Santa Catalina Mountains, Pima County, AZ, north of Tucson. Thus we argue that R. tumiceps is a valid taxon and should be resurrected. AZ-D is a sister taxon to CA-A and CA-AЈ (Page et al. 2002) , which has been designated the cuticular hydrocarbon phenotype of R. hesperus . Therefore, it is likely that R. hesperus occurs in Arizona but is somewhat rare.
Two of the phenotypes from Arizona (AZ-A and AZ-B) and one from New Mexico and Utah (NM-A) are similar to one from California (CA-D), an undescribed species Nelson 1997, Haverty et al. 1999c ) and are part of lineage II (Page et al. 2002) . AZ-A is more similar to AZ-D or R. hesperus than to AZ-B or NM-A. AZ-A was collected only in the northeastern quarter of Arizona. AZ-B is very widespread in distribution, is also more variable chemically, and may be the most common phenotype or species of Reticulitermes in Arizona. These three phenotypes (AZ-A, AZ-B, and NM-A) were considered to be closely related by Page et al. (2002) based on phylogenetic analyses of the cuticular hydrocarbons, yet distinct taxa. NM-A has not yet been collected in Arizona, but it represents a distinct taxon found thus far only in New Mexico and Utah.
In summary, sympatric distributions of termite populations with distinct cuticular hydrocarbon and soldier defense secretion mixtures (Haverty and Nelson 1997; Haverty et al. 1999c Haverty et al. , 2003 Nelson et al. 2001; Page et al. 2002; Copren et al. 2005) convince us that AZ-A, AZ-B, AZ-C, and AZ-D represent different species. AZ-D is not common in Arizona and likely represents an incursion of R. hesperus into northeastern Arizona. AZ-C is a unique, valid species and should be the phenotype describing R. tumiceps originally proposed by Banks and Snyder (1920) and later synonymized with R. tibialis by Snyder (1949) . AZ-B is widely distributed and common in Arizona and could be the phenotype representing R. tibialis. AZ-A was found less often and is most similar to AZ-D or R. hesperus. It has been found only in the higher elevations of Arizona and New Mexico and also could represent R. tibialis. Finally, a Þfth phenotype, NM-A, which has not yet been found in Arizona but has been collected in New Mexico and Utah, clearly represents a distinct taxon. As with AZ-A and AZ-B, this phenotype might be R. tibialis. Thus, we are hesitant to assign a cuticular hydrocarbon phenotype to the arid lands termite, R. tibialis. Characterization of the cuticular hydrocarbons of topotypes could solve this mystery and facilitate assigning the genotype to R. tibialis. 
Appendix. Localities of Reticulitermes specimens in the Nutting Collection in the Entomology Museum of the University of Arizona

